The many particle decays ρ(770) → 4π and ω(782) → 5π are considered in detail in the approach based on the Weinberg Lagrangian or, in a new language, the Lagrangian of hidden local symmetry added with the term induced by the anomalous Lagrangian of Wess and Zumino. The partial widths of the decays ρ 0 → 2π
I. INTRODUCTION
In early times, the chiral pion dynamics was tested in the low energy ππ scattering the data on which were extracted from the studies of the one pion exchange dominated reaction πN → ππN . The main difficulty in interpreting the results was due to the necessity of extrapolation to the pion pole. At present, the unconventional, from the point of view of the chiral pion dynamics, sources of soft pions are feasible which are clean of the drawbacks of the classical ππ scattering. Indeed, the progress in increasing the intensity of low energy e + e − colliders (φ factories), photon beams, and a huge number of the specific hadronic decays of τ leptons could offer the naturally controlled sources of soft pions, provided the sufficiently low invariant mass regions of hadronic systems are isolated. Since the yield of pions is considerably larger when they are produced through the proper vector resonance states, the theoretical study of the many pion decay channels of the low lying vector mesons ρ(770) and ω(782) are important [1] .
The first is the decay ρ → 4π which is a unique source of soft, |p| ∼ m π , pions. It can be used for the study of the chiral dynamics of many pion systems. By this reason it attracts much attention [2] [3] [4] [5] . It was found in papers [2] [3] [4] that the above decay should be rather strong, B(ρ → 4π) ∼ 10 −4 . The calculations of Ref. [3, 4] were analyzed in detail in the work [5] , where a number of shortcomings of the former related with the actual violation of chiral invariance, in particular, the Adler condition [6] for soft pions, was uncovered. The correct results based on the amplitudes obeying the Adler condition and obtained in [1, 5] , correspond to B(ρ → 4π) ≈ 10 −5 . The large magnitude of the branching ratio B(ρ → 4π) ∼ 10 −4 obtained in [2] is related, in all appearance, with a very rough method of calculation. A common drawback of the papers [2] [3] [4] [5] is that their authors evaluate the partial width at the only energy equal to the mass of the ρ, as if the latter would be a genuine narrow peak. However, the fact that the width of the ρ resonance is rather large and Γ(ρ → 4π, E) rises rapidly with the energy increase even at energies inside the ρ peak, push one to think that the magnitude of the 4π partial width at the ρ mass cannot be an adequate characteristics of the dynamics of the process. In this respect, it is just the resonance excitation curve in the channel e + e − → ρ 0 → 4π is of much interest, being a test ground of various chiral models of the decay under consideration.
Here, based on the Weinberg Lagrangian [7] obtained under the nonlinear realization of the chiral symmetry, or, in modern terms, the Lagrangian of hidden local symmetry (HLS) [8] , the partial widths and resonance excitation curves are calculated for the reactions e + e − → ρ 0 → 2π + 2π − and e + e − → ρ 0 → π + π − 2π 0 . It is shown that the intensities of the above decays change as fast as two times the phase space variation, upon the energy variation inside the ρ widths. All this means that e + e − offers an ideal tool for the study of such effects. The decay widths of charged ρ meson, ρ ± → π ± 3π 0 and ρ ± → 2π ± π ∓ π 0 , as well as ω meson, ω → 2π + 2π − π 0 ω → π + π − 3π 0 , are also evaluated. The HLS approach [8] permits one to include the axial mesons as well [9] . An ideal treatment would consist of that under the assumption of m ρ ∼ E ≪ m a 1 , the difference between the models with and without a 1 meson would be reduced to the taking into account the higher derivatives [10] and would be small. In real life one has m , and the correction may appear to be appreciable even at the ρ mass. In fact, the calculation [5] shows that the corrections amounts to ∼ 20 -30% in the width. This means, in particular, that the left shoulder of the ρ peak, where the contributions of higher derivatives are vanishing rapidly, is the best place to work. We do not take into account a 1 meson in the present work.
The paper is organized as follows. Section II contains the expressions for the ρ → 4π amplitudes. The results of calculation of the excitation curves and partial widths for different isotopic states of four pions are presented in Sec. III. This task is fulfilled in the cases of e + e − annihilation, τ decays, and photoproduction. In addition, the angular distributions of the emitted pions are obtained for the case of e + e − annihilation and photiproduction. The partial widths of the decays ω → 5π are discussed in Sec. IV. The angular distributions of various combinations chosen among five emitted pions are obtained for the case of e + e − annihilation and photiproduction. Sec. V contains concluding remarks.
II. AMPLITUDES OF ρ → 4π DECAY
The amplitudes of the decays of our interest are obtained from the Weinberg Lagrangian
where f π = 92.4 MeV is the pion decay constant. The ρρρ coupling constant g and the ρππ coupling constant g ρππ are related to the ρ mass and pion decay constant f π via the parameter of hidden local symmetry a as [8] 
Note that a = 2, if one demands the universality condition g = g ρππ to be satisfied. Then the so called KSRF relation [11] arises
which beautifully agrees with experiment. The ρππ coupling constant resulting from this relation is g ρππ = 5.89. First, let us obtain the π → 3π transition amplitudes necessary for the calculation of the many-pion decays of vector mesons. They are given by the diagrams shown in Fig. 1(a) and look as
where P ij stands for the operator of the interchange of the pion momenta q i and q j , and
is the inverse propagator of ρ meson. Our notation for the Lorentz invariant scalar product of two four-vectors a and b hereafter is (a, b) = a 0 b 0 − a · b. As it will be clear later on, the nonrelativistic expressions for the above amplitudes are needed. They are obtained upon neglecting the space components of the pion four-momenta and look as
Note that the HLS parameter a drops from the expressions in the nonrelativistic limit. The diagrammatic representation of the amplitudes of the decays ρ → 4π for different combinations of the charges of final pions are shown in Fig. 1(b) and (c). Introducing the 4-vector of polarization of the decaying ρ meson, ε µ , one can write the general expression for the amplitude in the form
results from Eq. (2.2). Let us give the expressions for the current J µ for all the decay modes considered here.
. One has
where
is obtained from Eq. (2.1), while the contribution of the term induced by the anomalous Lagrangian of Wess and Zumino [8, 12] ,
where D ω (q) = m 2 ω −q 2 is the inverse ω meson propagator, and N c = 3 is the number of colors. In general, this term is attributed to the contribution of higher derivatives. Nevertheless, we take it into account to show the effect of the latter and the dynamical effect of the opening of the channel ρ → ωπ → 4π. In agreement with [8] , the contribution of the point vertex ω → 3π is omitted. The following amplitudes of the charged ρ decay are necessary for obtaining the ω → 5π decay amplitude, and are of their own interest when studying the reactions of peripheral ρ meson production and τ decays.
3) The decay ρ
Here, the contribution induced by the anomalous Lagrangian of Wess and Zumino is also possible, hence J µ = J nan µ + J an µ , where
is obtained from Eq. (2.1), while the term induced by the anomaly looks as
One can verify that up to the corrections of the order of ∼ m 2 π /m 2 ρ , the above written amplitudes vanish in the limit of vanishing 4-momentum of each final pion. In other words, they obey the Adler condition.
It is useful to obtain the nonrelativistic expressions for the ρ → 4π decay amplitudes which are relevant for the four pion invariant mass below 700 MeV. This can be made upon neglecting the space components of the pion momenta. One can convince oneself that a enters the expressions for amplitudes as an overall factor Eq. (2.7) in this limit, so that the latter look as
These considerably simplified expressions are especially convenient in the calculation of the ω → 5π decay amplitude, because the typical invariant masses of the four pion system in the above decay are in the vicinity of 620 MeV (see Sec. IV for more detail).
III. RESULTS FOR VARIOUS ρ → 4π DECAYS
When evaluating the partial widths of the 4π decays of ρ meson the modulus squared of the matrix element is expressed via the Kumar variables [13] . The idea of speeding up the numerical integration suggested in Ref. [14] is realized in the numerical algorithm. The results of evaluation of the partial widths at √ s = m ρ = 770 MeV are as follows:
0 , m ρ ) = 0.24 keV and 0.44 keV, respectively, without and with the induced anomaly term being taken into account. This coincides with the results obtained in [5] . In the case of the charged ρ meson decays it is obtained for the first time:
.71 keV and 0.90 keV respectively, without and with the anomaly induced term being taken into account. When obtaining these figures, the narrow ρ width approximation is used. This is equivalent to the setting Γ ρππ → 0 in Eq. (2.5). Keeping the physical value of the ρ width gives the results deviating from those obtained in the narrow width approximation by a quantity that does not exceed a few percents of the values obtained in the latter. This is true in the case of the invariant mass of the four pion state lying below the ρπ threshold energy, m 4π < 910 MeV. Recall that the allowing for the finite widths effects is in fact equivalent to the loop correction being taken into account.
The above results are obtained at a = 2. The variation of a within 20% around this value implies the variation of the branching ratios within 20% around the values cited above. This fact can be easily traced in the nonrelativistic limit where the parameter a enters the expressions for the amplitudes as an overall factor √ a. See Eqs. (2.2) and (2.15).
A. The decay ρ 0 → 4π as manifested in e + e − annihilation.
The results of the 4π state production cross section in the reaction e + e − → ρ 0 → 4π,
where s = E 2 is the square of the total center-of mass energy, and D ρ (s) is obtained from Eq. (2.5) upon the substitution q 2 → s, are shown in Fig. 2 and 3 . Note that the values of the vector meson parameters taken from Ref. [15] are used hereafter. The following notations are such that
with the function λ given by the equation
is the momentum of final particle b (or c) in the rest frame system of decaying particle a.
To demonstrate the effects of chiral dynamics, also shown is the energy dependence of the cross section evaluated in the model of pure phase space for the four pion decay. In this model, the 4π partial width normalized to the width at the ρ mass calculated in the dynamical model, is given by the expression
where the four pion phase space volume is [13, 17 ]
In the above formula, N s = 4 (2) is the factor that takes into account the identity of final pions in the final state 2π
respectively. As the evaluation shows, the ratio
changes from 0.4 at √ s = 650 MeV to 1 at √ s = m ρ . As can be observed from the figures, the rise of the ρ → 4π partial width with the energy increase is such fast that it compensates completely the falling of the ρ meson propagator and electronic width. Also noticeable is the dynamical effect in the decay ρ 0 → π + π − 2π 0 at √ s > 850 MeV resulting from the anomaly induced Lagrangian ωπ threshold. See Fig. 3 . To quantify the above mentioned effect of vanishing contribution of higher derivatives at the left shoulder of the ρ resonance it should be noted that the difference between magnitudes of Γ(ρ → π + π − 2π 0 , s) with and without the term originating from the anomaly induced Lagrangian, equal to 100% at √ s = m ρ , diminishes rapidly with the energy decrease amounting to 8% at √ s = 700 MeV and 0.3% at √ s = 650 MeV.
It should be pointed out that the evaluation of the partial widths with the nonrelativistic expressions for the ρ → 4π amplitudes, Eq. (2.15), gives the values which deviate from those obtained with the exact expressions, by the quantity ranging from 7 to 15 percents, depending on the energy in the interval from 610 to 770 MeV.
As it is seen from Fig. 2 , the predictions of chiral symmetry for the e + e − → 2π + 2π − reaction cross section do not contradict to the three lowest experimental points of CMD-2 detector [18] . However, at √ s > 800 MeV one can observe a substantial deviation between the predictions of the Lagrangian (2.1) and the data of CMD-2. In all appearance, this is due to the contribution of higher derivatives and chiral loops neglected in the present work. It is expected that the left shoulder of the ρ is practically free of such contributions, and by this reason it is preferable for studying the dynamical effects of chiral symmetry. Note that even at √ s = 650 MeV, where the contribution of higher derivatives is negligible, one can hope to gather one event of the reaction e + e − → 2π + 2π − per day, and up to 10 events of this reaction per day at √ s = 700 MeV, provided the luminosity L = 10 32 cm −2 s −1 is achieved, i.e. to have a factory for a comprehensive study of the chiral dynamics of many-pion systems.
Due to helicity conservation, ρ meson is produced in the states with the spin projections λ = ±1 on the e + e − beam axes characterized by the unit vector n 0 . The latter is assumed to be directed along the z-axes. Then, using the expressions for the total ρ → 4π amplitudes, one can obtain the angular distributions for the final pions. The are expected to be cumbersome. However, the good approximation for these distributions are obtained from the approximate nonrelativistic expression Eq. (2.15). Taking θ i , φ i to be the polar and azimuthal angles of the pion three momentum q i , where the momentum assignment corresponds to Eq. (2.15), one finds the following.
i) The ρ 0 → 2π + 2π − decay. The probability density of the emission of four charged pions can be found directly from the first Eq. (2.15):
One may use the relation
that expresses the transverse character of the ρ polarization four vector ε to get rid of the momenta of negatively charged pions q 3 and q 4 . Then the probability density of the emission of two π + 's found from the first Eq. (2.15) is
Allowing for Eq. (3.7), the angular distribution for the emission of two π − 's is obtained from Eq. (3.8) upon the replacement q 1,2 → q 3, 4 .
ii) The ρ 0 → π + π − 2π 0 decay. The probability density of the emission of π + π − pair found from the second Eq. (2.15) in the form
Getting rid of the momentum q 2 one finds the corresponding expression for the final state π + 2π 0 : 10) where P ij interchanges the pion momenta q i and q j . In view of Eq. (3.7), the angular distribution for the state π − 2π 0 is obtained from the above upon the replacement q 1 → q 2 and changing the signs in front of the terms containing (1 + P 34 ).
B. ρ → 4π in τ decays
Based on the vector current conservation, the partial width of the decay τ − → ν τ (4π)
− [19, 20] can be written as the integral over the invariant mass of the four pion state, m, extended up to some mass m 0 , whose maximal value is m 0max = m τ :
where T τ and
are, respectively, the lifetime of τ lepton and its partial width of the decay τ − → ν τ ρ − [19] Fig. 4 and 5, respectively. In particular, taking m 0 = 740 MeV one obtains and
Corresponding values for the upper integration mass m 0 = 640 MeV are and
The comparison of Eqs. (3.13) and (3.15), and both curves in Fig. 4 again demonstrates that the contributions of higher derivatives represented by the terms induced by the anomalous Lagrangian of Wess and Zumino vanish rapidly with the decreasing of mass. Unfortunately, the domains in the low four pion invariant mass where the effects of chiral dynamics are clean, are hardly accessible with τ factories. Indeed, guided by the expression for the cross section of the τ lepton pair production in e + e − annihilation,
one can find that up to N = 25 × 10 7 τ lepton pairs with the total energy √ s = m ψ(2S) can be produced per season at τ -charm factory with expected luminosity L = 10 34 cm −2 s −1 [15] . This implies that one can detect only from 2 to 4 events per season in the four pion mass range below 700 MeV. Nevertheless, the event counting rate rises rapidly with the increase of the upper integration mass m 0 in Eq. (3.11), reaching, at m 0 = m ρ , the figure about 60 to 120 events per season, depending on the charge combination of the final pions.
C. The decay ρ → 4π in photoproduction, πN → ππN , and so on.
To characterize the possibility of the study of the ρ → 4π decays in photoproduction, we calculate the quantity 18) which is the average of the branching ratio over the invariant mass of the four pion state. In the limit m 0 → ∞, Eq. (3.18) serves as the definition of the branching ratio in case of a wide resonance. Eq. (3.18) should be confronted with the familiar definition of the branching ratio at the ρ mass, With the total number of ρ mesons N ≃ 6 × 10 9 expected to be produced on nucleon at the Jefferson Laboratory "photon factory" [21] one may hope to observe about 100, 360 events of the ρ decays into the states π + π − 2π 0 , 2π + 2π − , respectively, in the mass range m 0 < 700 MeV where the effects of chiral dynamics are most clean. The photoproduction on heavy nuclei results in increasing the number of produced ρ mesons faster than A 2/3 , where A is the atomic weight. A generally adopted behavior is in accord with the behavior A 0.8−0.95 [22] . Thus the photoproduction of the four pion states on heavy nuclei would give the possibility of the high statistics study of the effects of chiral dynamics in the four pion decays of the ρ(770). It should be recalled once more that the counting rate rises rapidly with the increase of m 0 .
The conclusions about the angular distributions of the final pions with zero net charge in photoproduction are the following. Of course, their general expression should be deduced from the full decay amplitudes which can be found in Sec. II, together with the detailed form of the photoproduction mechanism. The qualitative picture, however, can be obtained upon noting that s-channel helicity conservation is a good selection rule for the photoproduction reactions. Then in the helicity reference frame characterized as the frame where the ρ is at rest, while its spin quantization axes is directed along the ρ momentum in the center-ofmass system, the expressions for the angular distributions coincide with the corresponding expressions for the production of these states in e + e − annihilation that can be found in Sec. III A. Since, at high energies, the direction of the final ρ momentum lies at the scattering angle less than 0.5
• in the case of the photoproduction on heavy nuclei, the vector n 0 can be treated as pointed along the photon beam direction.
Note that another peripheral reactions can provide a sufficiently intense source of ρ mesons. For example, the diffractive production of the ρπ state in πN collisions are currently under study with the VES detector in Serpukhov. The regions of the four pion invariant mass spectrum larger than m ρ , namely, m 0 ≃ 850 MeV where
should be included to measure the ρ → 4π branching ratio reliably. As is explained in Introduction, this would require the inclusion of the contributions of a 1 meson and higher derivatives to the total amplitude. Nevertheless, the results of the present paper shown in Fig. 8 and 9 , obtained upon neglecting the latter contributions can be regarded as a guess in the experimental work in this direction.
IV. THE DECAY ω → 5π
One may convince oneself that the ω → ρπ → 5π decay amplitude unambiguously results from the anomaly induced Lagrangian (2.10). This amplitude is represented by the diagrams shown in Fig. 10 . As one can foresee, its general expression looks cumbersome. However, it can be considerably simplified upon noting that despite the fact that |q π |/m π ≃ 0.5, the nonrelativistic expressions Eq. (2.15) for the ρ → 4π decay amplitudes in the diagrams Fig. 10(a) are valid with the accuracy 5% in the 4π mass range relevant for the present purpose [1] . Likewise, the expression for the combination D −1 π M(π → 3π) standing in the expression for the diagrams in Fig. 10(b) can be replaced, with the same accuracy, by −(8m
−1 times the nonrelativistic π → 3π amplitudes in Eq. (2.6). So, using Eq. (2.15) to obtain the expression for the sum of the diagrams shown in Fig. 10(a) and Eq. (2.6) to obtain the expression for the sum of the diagrams shown in Fig. 10(b) [16] , one obtains, upon neglecting the corrections of the order of O(|q π | 4 /m 4 π ) or higher, the expression for decay amplitudes:
with the final momentum assignment according to π
, and
In both above formulas, ǫ ν , q µ stand for four-vectors of polarization and momentum of ω meson. Note that the first term in each square bracket refers to the specific diagram shown in Fig. 10(a) while the second one does to the diagram shown in Fig. 10(b) .
Yet even in this simplified form the expressions for the ω → 5π amplitudes are not easy to use for evaluation of the branching ratios. To go further, it should be noted the following. One can check that the invariant mass of the 4π system on which the contribution of the diagrams shown in Fig. 10(a) depends, changes in very narrow range 558 MeV < m 4π < 642 MeV. Hence, one can set it in all the ρ propagators standing as the first terms in all square brackets in Eqs. 
where the momentum assignment is the same as in Eq. (4.1). The other relevant amplitude corresponding to the first diagram in Fig. 10(b) is
Then, taking into account the above consideration concerning the invariant masses, and comparing Eqs. (4.1), (4.3), and (4.4), one can see that
The same treatment shows that
where In what follows, the above correction will be taken into account as an overall factor of 0.64 in front of the branching ratios of the decays ω → 5π. When making this estimate, the imaginary part of the ρ propagators in square brackets of Eq. (4.4) and (4.5) is neglected. This assumption is valid with the accuracy better than 1% in width. It would be useful to fulfill the model estimate of the ω → 5π partial widths as follows. The corresponding equilibrium pion momenta are |q π + | = 70 MeV and |q π 0 | = 79 MeV. The integrations over angles of final pions can be fulfilled assuming them independent. Using the nonrelativistic expression for phase space of five pions [17] ,
whose numerical value coincides with the accuracy 1% with the numerically evaluated exact expression, and introducing the branching ratio at the ω mass as
one finds
The calculation gives B(ω → 2π + 2π − π 0 ) = 2.5 × 10 −9 and B(ω → π + π − 3π 0 ) = 1.0 × 10 −9 . The evaluation of the partial widths valid with accuracy 20% can be obtained upon taking the amplitude of each considered decays as 5/2 times the ρπ production state amplitude with the subsequent decay ρ → 4π, and calculate the partial width using the calculated widths of the latter:
Note also the a −1 dependence of the ω → 5π width on the HLS parameter a. The branching ratio B ω→π + π − 3π 0 is obtained from Eq. (4.11) upon inserting the lower integration limit to m π + + 3m π 0 , m π 0 → m π + in the expression for the momentum q and substitution of the ρ + → π + 3π 0 decay width corrected for the mass difference of charged and neutral pions. Of course, the main correction of this sort comes from the phase space volume of the final 4π state. One obtains
As is pointed out in Ref. [8] , the inclusion of the direct ω → π + π − π 0 vertex reduces the 3π decay width of the ω by 33%. This implies that one should make the following replacement to take into account the effect of the pointlike diagrams in Fig. 10(b) in the expression for the suppression factor:
instead of 0.64, which results in the increase of the above branching ratios by the factor of 1.17. The numerical value of the ω → 5π decay width changes by the factor of two when varying the energy within ±Γ ω /2 around the ω mass. In other words, the dependence of this partial width on energy is very strong. This is illustrated by Fig. 11 where the ω → 5π excitation curves in e + e − annihilation, 14) are plotted. Here
is given by Eq. (4.11) [(4.12)], respectively, with the substitution m ω → E. The mentioned strong energy dependence of the partial width results in the asymmetric shape of the ω resonance. As is seen from Fig. 11 , the peak value of the 5π state production cross section is about 1.5-2.0 femtobarns. Yet the decays ω → 5π can be observable on e + e − colliders. Indeed, with the luminosity L = 10 33 cm −2 s −1 near the ω peak, which seems to be feasible, one may expect about 2 events per week for the considered decays to be detected at these colliders.
As for the angular distributions of the final pions are concerned, they, of course, should be deduced from the full amplitudes Eqs. (4.2) and (4.1). However, some qualitative conclusions about the angular distributions can be drawn from the simplified expressions Eqs. (4.3), (4.5). Since helicity is conserved, only the states of the ω(782) with the spin projections λ = ±1 on the e + e − beam axes given by the unit vector n 0 are populated. In what follows the suitable notation for the vector product of the pion momenta are used:
In other words, θ ij is the angle between the pion momenta q i and q j , Θ ij , Φ ij being the polar and azimuthal angles of the normal to the plane spanned by the momenta q i and q j . Choosing n 0 to be the unit vector along z axes, the probability density of the emission of two π + 's with the momenta q 1 , q 2 , and π 0 with the momentum q 4 is represented as 3, 5 , because the identity ε µνλσ q µ ǫ ν (q 1 + q 2 ) λ q 4σ = −ε µνλσ q µ ǫ ν (q 3 + q 5 ) λ q 4σ is valid. Since another identity ε µνλσ q µ ǫ ν (q 1 + q 2 ) λ q 4σ = −ε µνλσ q µ ǫ ν (q 1 + q 2 ) λ (q 3 + q 5 ) σ is valid, one can write the angular distribution that includes four charged pions: Here P ij interchanges the indices i and j. In the case of the final state π + π − 3π 0 the corresponding probability density can be obtained from Eqs. (4.6) and (4.7) and looks as
Here the momentum assignment is the same as in Eq. (4.1). The corresponding angular distribution of one charged, say π + , and three neutral pions can be obtained from Eqs. (4.6) and (4.7) upon using the identity ε µνλσ q µ ǫ ν q 1λ q 2σ = −ε µνλσ q µ ǫ ν q 1λ (q 3 + q 4 + q 5 ) σ and looks as
Here indices i, j run over 3,4,5. The strong energy dependence of the five pion partial width of the ω implies that the branching ratio at the ω mass, Eq. (4.9), evaluated above, is slightly different from that determined by the expression
(4.20)
Taking E 1 = 772 MeV and E 2 = 792 MeV, one finds B aver ω→2π + 2π − π 0 (E 1 , E 2 ) = 9.0 × 10 −10 and B aver ω→π + π − 3π 0 (E 1 , E 2 ) = 6.7 × 10 −10 to be compared to Eq. (4.11) and (4.12), respectively. In particular, the quantity B aver ω→2π + 2π − π 0 (E 1 , E 2 ) is the relevant characteristics of this specific decay mode in photoproduction experiments. The Jefferson Lab "photon factory" [21] could also be suitable for detecting the five pion decays of the ω. However, in view of the suppression of the ω photoproduction cross section by the factor of 1/9 as compared with the ρ one, the total number of ω mesons will amount to 7 × 10 8 per nucleon. Hence, the increase of intensity of this machine by the factor of 50 is highly desirable, in order to observe the decay ω → 5π and measure its branching ratio. Evidently, the ω photoproduction on heavy nuclei is preferable in view of the dependence of the cross section on atomic weight A growing as A 0.8−0.95 [22] . The conclusions about the angular distributions in photoproduction are the following. Of course, their general expression should be deduced from the full decay amplitudes Eqs. (4.2) and (4.1), together with the detailed form of the photoproduction mechanism. The qualitative picture, however, can be obtained upon noting that s-channel helicity conservation is a good selection rule for the photoproduction reactions. Then in the helicity reference frame characterized as the frame where the ω is at rest, while its spin quantization axes is directed along the ω momentum in the center-of-mass system, the expressions for the angular distributions coincide with the expressions Eqs. (4.16),(4.17), (4.18) and (4.19) . Since, at high energies, the direction of the final ω momentum lies at the scattering angle less than 0.5
V. CONCLUSION
The results presented in this paper show that the left shoulder of the ρ peak is, by all appearance, the best place to study the effects of chiral dynamics as compared to the classic low energy ππ scattering. The e + e − colliders with the large enough luminosity at the energy below the ρ mass, provide the controlled source of soft pions. The role of both higher derivatives and loop corrections in the low energy effective Lagrangian for the soft pions, as well as various schemes of incorporation of vector mesons into the chiral approach, can be successfully tested with such machines. The intense beams of photons from the Jefferson Laboratory "photon factory" are also of great importance in achieving the mentioned theoretical goals. The decay ω → 5π is of a special interest, because its kinematics is such that final pions are essentially nonrelativistic, so that the effects of chiral dynamics are manifested in the most clean way. The measurements of the branching ratio of the five pion decays of the ω would constitute the challenge to experimenters, because this task would help in testing the chiral theory in the most unambiguous way. Fig. 1(b), (c) . The shaded circles in the π → 3π vertices in the set (b) refer to the sum of diagrams shown in Fig. 1(a) . The symmetrisation over momenta of identical pions emitted from different vertices is meant. The diagrams for the decay ω → π + π − π 0 π 0 π 0 are obtained from those shown upon the evident replacements. 
